surface water offshore. Between these two capes, other filaments are commonly found at Cape Juby ($27856 0 N), Cape Boujdor ($26812 0 N) or in-between (Barton et al., 1998) . There are, however, many instances when there is no filament activity in this region (Arístegui et al., 1994) . Filaments are related to upwelling events, and are therefore more frequent during the maximum upwelling season (summer). When an upwelling filament reaches the Canary archipelago, it is identified by lower salinity and temperature in the mixed layer. It also coincides with an arrival of small pelagic larvae (Bécognée et al., 2006) that has a positive impact on the fishery a few months later.
The central part of the Canary Current system is an area of intense fisheries activity shared by Morocco and Spain, targeting mainly sardine (Sardina pilchardus) and anchovy (Engraulis encrasicolus). Although anchovy is the dominant species in most upwelling systems (Humboldt, Benguela, California) , sardine is generally dominant in the Canary Current system, from Galicia to Morocco (John et al., 1980) . Further South, in Mauritania and Senegal, sardinella (S. aurita and S. maderensis) dominate. As in other upwelling ecosystems, stock sizes and the relative importance of each pelagic species are highly variable. In addition to over-fishing, it is generally accepted that stock size fluctuations are also related to environmental conditions affecting ichthyoplankton dispersal (Fogarty, 1993; Myers et al., 1999) and phytoplankton productivity (Arístegui et al., 2006; Fréon et al., 2006) . Indeed, in upwelling areas most of the larval mortality is related to offshore advection and the stock size fluctuation is assumed to depend first on variability in early stage mortality (Bakun, 1996) . The Moroccan Atlantic coastline is generally subdivided into three main areas according to the main sardine stock locations: the northern stock, located between Tanger (35850 0 N) and Cape Cantin (32832 0 N); the central stock, extending from Cape Cantin to Cape Boujdor; and the southern stock, from Cape Boujdor to Cape Blanc (Furnestin, 1950; Berraho, 2007) .
In this paper, we investigate alongshore transport of ichthyoplankton in the central and southern areas, and cross-shore transport from these areas to the Canary archipelago. Our aim was to investigate if location of the reproductive "hot spots" of anchovy and sardine was dependent on hydrodynamic conditions that may enhance reproduction success, and compare with the field observations of egg densities for anchovy and sardine. Transport to the Canary archipelago and/or its associated eddy field may be an alternative to coastal retention allowing larvae to stay in rich waters suitable for their development, so we also studied the conditions of this transport. For this purpose, we used outputs of a realistic intermediate-resolution hydrodynamic model to force an individual-based model (IBM) that simulates the early life of fish larvae. Simulation results are discussed together with the observed spawning patterns for sardine and anchovy. Similar approaches have been applied in other eastern boundary upwelling systems: southern Benguela (Huggett et al., 2003; Mullon et al., 2003; Parada et al., 2003; Lett et al., 2006 Lett et al., , 2007b Miller et al., 2006) , northern Benguela (Stenevik et al., 2003) , northern Humboldt (Lett et al., 2007a; Brochier et al., in press) and California (Carr et al., 2008) . Studies have also been conducted in the Iberian part of the Canary Current system (Santos et al., 2004; Marta-Almeida et al., 2006; Peliz et al., 2007) . To our knowledge, the present study is the first one focusing on the northwest African part of this latter eastern boundary upwelling ecosystem, the only one with an offshore archipelago.
M E T H O D S Model
We refer to Lett et al. (Lett et al., 2008) for a complete description of the IBM used to simulate ichthyoplankton transport and interactions with the hydrodynamic environment. Although this is primarily a Lagrangian model, there are two elements that make this model an IBM: (i) particles die or survive according to temperature encountered during transport and (ii) the particle buoyancy depends on water density and as a result transport will vary according to this parameter.
Environmental conditions (3D fields of currents, temperature and salinity) were provided by archived simulations of the Regional Oceanic Modelling System (ROMS) (Shchepetkin and McWilliams, 2005) configured for the Canary-Morocco region (Marchesiello and Estrade, 2007 ; E. Machu et al., submitted for publication). The grid extends from 218N to 328N and from 98W to 208W with a horizontal resolution of 1/128 ($8 km). Terrain-following curvilinear coordinates with 32 layers were used, so that the vertical resolution ranges from 40 cm to 5 m in the surface layer and from 15 to 1000 m at the bottom layer. NCEP reanalyses were used to force heat, fresh-water and momentum fluxes through the surface of the model (Kanamitsu et al., 2002) . Lateral open boundaries (Marchesiello et al., 2003) were forced using SODA outputs (http:// iridl.ldeo.columbia.edu./SOURCES). The simulation began with the 1990 forcing, and a kinetic energy equilibrium ("spin-up") was reached after 2 years. The eddy kinetic energy (EKE) and sea level height obtained from a similar ROMS configuration were compared with satellite measurements by Capet et al. . The model reproduced the main structures present in the satellite measurements, in particular the maximum EKE south of the Canary archipelago. Furthermore, Marchesiello and Estrade (Marchesiello and Estrade, 2007) compared the modelled sea surface temperature with satellite observation and found a good fit, in particular for the location of the maximum upwelling signal spreading over the wide shelf off Western Sahara.
For the present work, we used output fields corresponding to the years of forcing, 1997 -1999. Within the model grid, spawning grounds were defined over the continental shelf (here taken as the area between the coast and the 200 m isobath), from Cape Blanc to Cape Cantin, and divided into six areas (Fig. 2 ) separated at the Dakhla peninsula ($248N), Cape Boujdor ($26812 0 N), Cape Juby ($27856 0 N), Cape Draa ($28845 0 N) and Cape Ghir ($30838 0 N). Most of these capes have a major influence on the along and cross-shore circulation (Pelegrí et al., 2005) . In the simulations where transport to the Canary archipelago was assessed, the Canary coastal waters were defined by the area extending from the islands to the 1000 m isobath. We divided the archipelago into two groups: the western islands (La Palma, La Gomera, Hierro and Tenerife) and the eastern islands (Gran Canaria, Fuerteventura and Lanzarote). Indeed, observations show that the island of Gran Canaria constitutes the western boundary of the upwelling filaments stretching from the African coast to the offshore area and frequently invading the waters around the eastern islands. Therefore, Gran Canaria represents the most offshore extension of the upwelling into the oceanic domain (Arístegui and Montero, 2005) . Furthermore, we defined an associated eddy field area that extends from latitude 268N to 29.58N and delimited in longitude by the width of the archipelago. This area covered the main surface where eddies are visible in satellite images (Pelegrí et al., 2005) . The eddy field area was also divided into western and eastern parts (Fig. 2) .
Simulations
Each simulation consisted of a random release of 3000 eggs within the predefined spawning areas and following their trajectories for 30 days. Santos et al. (Santos et al., 2007) describe the main ontogenic events for sardine (S. pilchardus) and anchovy (E. encrasicolus) larvae. For both types of larvae, pelvic fins appear at the age of 30 days, corresponding to a size of 15 mm for anchovy and 20 mm for sardines, for larvae growing in areas where sea surface temperature ranges from 16.58C to 17.58C. In the Canary Current System, the sea surface temperature ranges from 198C up to 25.58C (Hernández-Guerra and Nykjaer, 1997); therefore, larval growth is expected to be faster. A transport duration of 30 days was chosen because it is the lower limit for appearance of the pelvic fins (Santos et al., 2007) , which allow directional swimming to begin to interact with horizontal advection, and then larvae cannot be considered as passive entities anymore. Indeed, sustained larval swimming speeds typically range between 1 and 2 body length per second (Bradbury and Snelgrove, 2001; Bradbury et al., 2003) , then the behaviour of larvae larger than 20 mm may be capable of contributing substantially to their spatial distribution in the Canary region, where current velocities range from 5 cm s 21 for the Canary Current to 50 cm s 21 in the core of upwelling filaments (Pelegrí et al., 2005) . Another reason for this choice of 30 days was that the same duration was used in a similar study in the northern Humboldt Current system (Brochier et al., in press), so facilitating comparison between the systems.
In a first set of simulations (Simulations I), we used passive individuals and tested the effects of different factors on transport: release year (1997, 1998 and 1999) , month (January-December), depth range of release (0-33, 33-66, 66-100 m) and area (the six spawning areas previously defined). Indeed, field measurements showed that E. encrasicolus eggs were found only over the African continental shelf, and mostly concentrated in the surface layer (0-35 m) (Rodríguez et al., 2006) . However, eggs were collected until 100 m depth, so we decided to release individuals until that depth. In the Bay of Biscay, both E. encrasicolus and S pilchardus eggs were located mostly in the top 20 m of the water column (Coombs et al., 2004) . We divided the vertical release range in three intervals, which limits the computation time but still allows detection of possible non-linear effects. Each simulation was repeated three times to test the effect of the randomness in the particle release process. The second set of simulations (Simulation II) was designed to explore the effects of depth-regulatory behaviour of individuals and lethal temperature. The factors tested were the lethal temperature, the egg buoyancy density and a larval vertical swimming scheme. The lethal temperature indicated in the literature for E. encrasicolus eggs and larvae range between 128C and 148C (King et al., 1978) , but we did not find this for S. pilchardus larvae. In the model, individuals die when they experience a temperature lower than their lethal temperature. Egg buoyancy was calculated from egg density (g cm
23
, not the number of eggs by surface unit) and the surrounding water density following . We did not find information about egg density in the Canary region, but field measurements in the Bay of Biscay showed that egg density ranges from 1.023 to 1.028 g cm 23 for S. pilchardus and from 1.022 to 1.026 g cm 23 for E. encrasicolus, with the highest values occurring at the end of the incubation time (Coombs et al., 2004) . A buoyancy effect was applied to particles during the egg incubation time, set to 3 days (John et al., 1980) . After the 3 days, larvae were considered to be passive, neutrally buoyant particles for the duration of 10 days, after which they began to perform active vertical displacements (Fig. 3) . Samples off Portugal showed that swim bladder formation, essential for larvae to stay at particular depths, occurs for S. pilchardus and E. encrasicolus larvae, respectively, at a length of 10 and 7 mm, corresponding to ages of 12 and 13 days (Santos et al., 2006) . There is no such information available for Canary waters. We assumed that in our study area, the same body length would be reached faster because of the higher water temperatures, and therefore chose a value of 10 days for the beginning of vertical migration. In the absence of information about depth-regulatory behaviour of larvae in the region, we chose to apply first a highly simplified scheme where particles maintained constant depths, following Mullon et al. . The large majority of sardine and anchovy larvae are found in the upper 100 m in the region, with a mode at 35-50 m (Rodríguez et al., 2006) . We tested four constant depths (100, 30 and 5 m). A type I diurnal vertical migration (DVM) (Neilson and Perry, 1990) was observed for sardine larvae between 20 and 50 m (Rodríguez et al., 2006) , we also considered this DVM scheme. A list of the model factors and their values in each class is given in Table I for the three sets of simulations.
Data
The ichthyoplankton data come from the Moroccan Institute INRH (Institut National de Recherche Halieutique) biannual monitoring from 1994 to 1999. Sardine and anchovy egg and larval distributions were assessed over 11 oceanographic cruises in the Moroccan Atlantic waters, one in winter and one in summer except during winter 1996 (Berraho, 2007) . Egg distributions were spatially aggregated over the six spawning areas previously defined.
R E S U LT S Transport and retention along the African coast
Simulations I-A The analysis of variance (ANOVA) shows that depth and month of release were the most important single factors explaining the variability of particle retention over the shelf ($13% and $11% of the variability explained, respectively). Nonetheless, the interactions between these two factors and between month and release area were even more important ($17% and $22%, respectively) ( Table II) . Year of release and repetition had little effect. The deeper the particles were released, the more retention over the shelf was observed, i.e. less offshore transport (Fig. 3b) . On average, the retention over the shelf was maximal for particles released in November and minimal in June and July (Fig. 3a) . However, this pattern differed between zones (Month Â Release-Area interaction) and depths (Month Â Depth interaction) of release. For zones 1 and 2 (Cape Cantin to Cape Draa), the maximum of simulated retention was observed in March and May, respectively (Fig. 3c) . For particles released near the surface (0-33 m), the monthly retention was very variable, ranging from 5% in June and July to almost 60% in December and January. There was less seasonal variability for particles released deeper (33-100 m), with retention values ranging from 40% to 65% (Fig. 3d) . Concerning the alongshore transport, the average transport rates between the six spawning zones reveal a net southward transport ranging from 12% (zone 2) to 34% (zone 4). There was generally little or no northward transport, except for particles released between Dakhla to Cape Blanc (zone 6), where 11% were transported northwards. Particle retention rates within each zone range from 9% between Cape Cantin and Cape Ghir (zone 1) to more than 30% between Dakhla and Cape Blanc (zone 6) ( Fig. 4a ; Table III ). The southward alongshore transport is dominant for all seasons and zones, but a significant northward transport is observed in zone 6, mainly in summer. In autumn, northward transport rates are observed in all zones except for zone 5 where Cape Boujdor seems to be a barrier for northern transport. Globally, after 1 month of advection, particles tend to accumulate mainly in zones 3 and 5 at any season (Fig. 4b) .
Simulations II-A
The ANOVA shows that the main variables explaining the variance in coastal retention rates were month of release ($10%), vertical migration target depth ($8%) and release area ($5%). Simulated egg buoyancy, year of release and lethal temperature had little effect (Table IV) . The interaction between target depth and month explained $14% of the variance, followed by the interaction between month and zone ($10%) and the second order interaction between depth, month and zone ($8.5%, but with a high degree of freedom). The average monthly and spatial variability of the retention follow the same pattern as in Simulation I. Retention increased slightly with simulated egg buoyancy (from 46% at 1.022 g cm 23 to 56% at 1.029 g cm
23
) with a steep increase between 1.026 (48%) and 1.027 g cm 23 (55%) and when simulated larvae migrated deeper (from 40% at 5 m to 55% at 100 m). As expected, the diurnal migration scenario from 20 to 50 m leads to an intermediate retention between the 30 and 5 m target depth (Fig. 5a ). On average, the best coastal retention rates were obtained for particles released between Cape Draa and Cape Juby (zone 3, Fig. 5b ). The target depth Â month interaction revealed a clear pattern: minimal retention in summer (June -July) for simulated larvae maintaining themselves near the surface, and maximal retention in spring -summer for those remaining at a depth of 100 m (Fig. 5c) . The release area Â target depth interaction shows that retention is maximum between Cape Draa and Cape Juby (zone 3) for simulated larvae remaining near the surface and larvae performing diurnal migrations, whereas it is maximum from Dakhla to Cape Blanc for larvae remaining at 30 and 100 m depth (Fig. 5d) .
Transport from the African coast to the canary archipelago and its associated eddy field Below, we refer to "transport success" the transport to the Canary archipelago or to its associated eddy field (Target Area in Fig. 2 ).
Simulations I-B
The ANOVA shows that the zone of release is the single factor explaining most variability in transport success ($15%), before month ($8%) and depth ($3%) of release. Similarly to Simulations I-A, year of release and replica had little effects and there were strong month Â area ($17%) and month Â depth ($6%) interactions (Table V) . Particles transported to the archipelago and its eddy field came mainly from the central zones 3, 4 and 5, with respective transport rates of $9%, 8% and 9% (Fig. 6a) . Transport success was maximum in March -April (5 -8%) and in June-August (8 -10%), whereas the minimum occurred in November ($3%, Fig. 6b ). This was the average pattern, but results differed according to the zone, as the month Â area interaction indicates. Particles were transported from zone 3 mainly in March -April, in June from zone 4 and in October from zone 5 (Fig. 6c) . Transport success was enhanced for particles released near the surface (0 -33 m, $8%) and decreased slightly with depth (66 -100 m, $6%). Transport success was maximal in July for the 0 -33 and 33266 m depth ranges ($17% and $10%, respectively), whereas it was maximal in March ($7%) for the 66-100 m range. From October to April, transport rates were similarly low for all depth ranges (Fig. 6d) . Looking at the destination of simulated larvae (Fig. 7) , there were none reaching the western part of the archipelago within the 1 month dispersal and few .
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reaching the western part of the eddy field. Larvae transported to the eastern part of the archipelago essentially originated from zone 2 in spring -summer (April -August, 5 -10%) and zone 3 in late winter (March-April, 16-18%) and summer (August, 12%). Larvae transported to the eastern eddy field mainly originated from zone 4 in June-August (8 -11%) and zone 5 in August-October (10 -15%). These results are summarized in Fig. 7 .
Simulations II-B
The ANOVA shows that the zone of release is again the factor explaining most of the variance in transport success ($11%), before month ($6%). Target depth of vertical migration, year of release, simulated egg buoyancy and egg lethal temperature had little effect. There were important contributions from the area Â month ($15%) and area Â month Â target depth ($8%) interactions, but with high degrees of freedom (Table VI) . Transport success was maximum (6%) for an intermediate egg buoyancy of 1.026 g cm 23 (Fig. 8b) . Regarding the simulation of larval vertical behaviour, the transport success increased with decreasing target depth, from 4.5% for a target depth of 100 m to 6.5% for a diurnal migration from 20 to 50 m, and was a little bit lower for simulated larvae migrating towards 5 m depth (Fig. 8a) . As in simulation II-A, simulated larvae transported to the archipelago and its eddy field came mainly from the central zones in summer. Transport success was higher for simulated larvae maintaining themselves near the surface during summer (JuneSeptember, Fig. 8c) . Finally, the area Â target depth interaction shows a maximum transport success in zone 3 for virtual larvae remaining near the surface, whereas for larvae remaining deeper the maximum was found in zone 5 (Fig. 8d) . Although the virtual egg lethal temperature had almost no effect, some mortality occurred at 158C, lowering the mean success of transport from 6% (for 138C and 148C) to 5.8%.
Field data
On average, more sardine eggs were found in winter, whereas anchovy eggs were found all through the year, with a maximum in summer. Sardine eggs were more abundant in zones 2, 3 and 5, whereas anchovy eggs were more abundant in zones 2 and 3. Anchovy and sardine eggs have therefore the same geographical distribution except in zone 5 where sardine eggs are relatively abundant, while anchovy egg abundance is minimal (Fig. 9) . The large abundance of anchovy eggs observed in zone 3 during winter needs to be interpreted with caution since it is only due to 1 year of sampling, 1999, when the survey occurred later than usual (April) and after the collapse of the sardines in 1998. The centre of sardine larvae distribution is shifted offshore and southward compared with the centre of egg distribution (Berraho, 2007, p. 66 and Fig. II.3 ).
D I S C U S S I O N Transport along the African coast
The general southward transport obtained in our experiments is in agreement with the direction of the Canary Current flow and the ichthyoplankton data distribution for sardine. The minimum values of retention over the shelf were obtained in the model in summer (JulyAugust). This corresponds to the period of maximum upwelling intensity (Pelegrí et al., 2005) and associated offshore transport in the upper layers. The fact that sardine egg abundance was much higher in winter (Fig. 9b ) is in agreement with previous observations in this region (Ettahiri et al., 2003) . The offshore advection of sardine ichthyoplankton found by Berraho (Berraho, 2007) is much stronger in summer than in winter. Moreover, although winds are upwelling favourable throughout the year from Cape Blanc to Gibraltar, north of the Canary archipelago, they are intense during summer and moderate or weak during all other seasons, so that fish reproduction displays more seasonal features north of the archipelago than south (Pelegrí et al., 2005) . This is also in agreement with the field observation of egg concentrations, very different from winter to summer for both sardines and anchovy north of Cape Juby while there is little change south of this Cape (Fig. 9) . Moreover from Cape Ghir to Cape Juby, the shape of the coast (concave) and the presence of the Atlas mountains cause the upwelling to be much reduced, even during summer (Pelegrí et al., 2005) . As a result, the offshore extension of cold, nutrient-rich water is less important in that part of the coast than south of Cape Boujdor. As sardine usually spawn and live farther offshore than anchovy, this could explain the relative predominance of anchovy north of Cape Juby, whereas sardines are more abundant south of Cape Boujdor, where the stronger upwelling and the larger shelf result in a more offshore extension of the nutrient-rich waters. During summer, a northward transport was identified from the shelf area between Cape Blanc and Dakhla (zone 6) to area (zone 5), and for all zones in autumn (Fig. 5a ). This northward transport occurred mainly depths ranging from 66 to 100 m (figure not shown) and is due to the poleward undercurrent. The other important northward transport in our results occurred in the area between Cape Juby and Cape Boujdor (zone 4, Fig. 5a ). This is in agreement with water mass flow measurements indicating that the current reverses in the channel between Fuerteventura Island and the African coast associated with the surfacing of the poleward undercurrent (Hernández-Guerra et al., 2002) . Barton (Barton, 1989) showed that this poleward undercurrent starts after the opening of eastern passages caused by the merging of filaments formed off Cape Ghir. Sardine larvae are usually found at 0-30 m over the shelf in this region (John et al., 1980) , so they should not be transported by the poleward undercurrent except when this one is surfacing.
High coastal retention rates were obtained from Cape Boujdor to Cape Blanc (zones 5 and 6) and from Cape Draa to Cape Juby (zone 3), especially in autumn and winter. This is in line with field observations of egg distribution in winter (Fig. 9b) . During summer, the maximum densities (N/10 m 2 ) of eggs were found between Cape Ghir and Cape Draa (zone 2) and were anchovy eggs (Fig. 9a) . Our model show that nearly 50% of eggs spawned between Cape Ghir and Cape Draa (zone 2) are transported southward (zone 3) in summer, and nearly 40% in spring (Fig. 5a) . Similarly, between 30% and 45% of eggs spawned between Capes Juby and Boujdor (zone 4) were transported southward to zone 5. This combination of retention and external contributions from the northward area makes the shelf between Cape Draa to Cape Juby (zone 3) and the area (Berraho, 2007). between Cape Boujdor to Dakhla (zone 5) a good candidate for being a nursery area for anchovy and sardine larvae (Fig. 5b) . Conand (Conand, 1975) already showed evidence of a nursery area from 238N to 258N (north of zone 6 and south of zone 5), but his study only covered the shelf from Cape Boujdor to Cape Blanc.
Transport to the canary archipelago
It is believed that there is no anchovy nor sardine spawning off the African shelf, so that all larvae found in waters surrounding the Canary islands must have drifted from the shelf (Rodríguez et al., 2006) . Moreover, Bécognée et al. (Bécognée et al., 2006) observed that the occurrence of sardine larvae near Gran Canaria was always associated with a decrease of salinity and temperature, an indication of the arrival of an upwelling filament (Rodríguez et al., 1999; Bécognée et al., 2006) , and concluded that sardine larvae were a good tracer for upwelling filaments. Surprisingly, anchovy larvae did not follow the same rule (Bécognée et al., 2006) , i.e. are not always associated with filaments, suggesting two alternatives: (i) adults may spawn near the archipelago, although no eggs were found in the samples or (ii) the filaments stretching from the main anchovy spawning area (Cape Draa to Cape Juby) are more difficult to detect because of the weaker upwelling occurring there than farther south, where sardines generally spawn (Pelegrí et al., 2005) .
Our results suggest that there is a seasonal variation in the geographical origin of continental ichthyoplankton reaching the Canary archipelago or its associated eddy field. The majority of particles reaching the eastern islands have two main characteristics: (i) they came from the area situated between Cape Draa and Cape Juby (zone 3), which corresponds to an important spawning area for both anchovy and sardine during winter, but mainly anchovy during summer (Fig. 9) ; (ii) they display two peaks, the biggest one in late winter (March -April) and the second one in summer (July -August, Fig. 7 ).
After 1 year of field survey near Gran Canaria, Bécognée et al. (Bécognée et al., 2006) reported the presence of anchovy larvae frequently during winter, which agrees with our results, but sardine larvae appeared only in February and June. The absence of sardine larvae in July-August, despite favourable transport from zone 3 on the African shelf (Fig. 6c) , is explained by the very low spawning activity of this species during this season (Fig. 9) . We should also consider that Bécognée et al. (Bécognée et al., 2006) studied only 1 year and the spawning activity varies from year to year according to Berraho (Berraho, 2007) . Our model suggests that only few eggs spawned over the shelf south of Cape Juby (zones 4, 5 and 6) could be transported to the archipelago, as most were advected southwards. When this transport occurs, it must concern mainly sardine eggs and larvae since few anchovy eggs were observed south of Cape Juby (zones 4, 5 and 6; Fig. 9 ). Such transport has been observed with field experiments using Argos drifters released over the slope . Our results also showed that there was significant interannual variability of transport from the coast to the archipelago, which may partly explain the variability observed in catches around the Canary islands (Rodríguez et al., 1999 (Rodríguez et al., , 2001 (Rodríguez et al., , 2006 Bécognée et al., 2006) . Another explanation for the variability in field data around the Canary islands is the interannual variability in the spawning activity of the pelagic species on the African continental shelf (Berraho, 2007, see Figure II.20, pp. 85-86) .
From June to August, transport to the archipelago was enhanced near the surface. This is because upwelling filaments, that are stronger in this period, are also more confined to the surface due to the strong stratification of the water column (García-Muñoz et al., 2004) . The vertical extension of the mixing layer near Gran Canaria ranges from 100 m in winter (February) to 25 m in summer (August) (Monterey and Levitus, 1997) , which is well represented in the ROMS hydrodynamic model that we used (Troupin et al., in press ). The ANOVA performed on transport values from Simulation II-B showed the weak impact of individual vertical movements. However, our results pointed out the existence of a slight optimum in egg density/ buoyancy and vertical migration behaviour. The optimal egg density found (1.026 g cm 23 ) falls in the typical range of water density in the mixed layer, which allows eggs to stay in the best place to enter a filament towards the islands. This high value may favour the transport of sardines eggs which are more likely to reach such densities than anchovy eggs (Coombs et al., 2004) . A lower egg density would result in eggs being confined to the surface and then more directly transported in the wind stress direction (Ekman, 1905) . In contrast, eggs of higher densities (g m 23 ) would sink under the mixed layer and be transported by the alongshore flow. The effect of vertical migration can be explained in the same way. Simulating a better transport to the archipelago with a diurnal migration from 20 to 50 m than with a constant target depth of 30 or 5 m suggests that the filament transport is maximal in the 5 -20 m depth layer. In summer, the stronger stratification of the water column caused an enhanced difference in transport between the target depths migration schemes.
Bécognée et al. (Bécognée et al., 2006) observed a significant relationship between the lunar phase and the abundance of larvae, with a maximum during the new moon. This is consistent with our results since larval vertical migration at night depends on the moon light intensity (Olivar et al., 2001) , so that around the new moon the diurnal migration may be nearest to the surface and then enhances the transport to the Canary archipelago. Although the extreme scenarios for vertical migration used were highly simplified, they allow us to understand the possible effect of the vertical swimming behaviour, even if the contribution of this effect in the ANOVA was not very high.
In conclusion, the model results are coherent with the field observation of egg distribution over the African continental shelf and the larval presence in the Canary archipelago. The proportion of particles transported from the continental shelf to the archipelago is surprisingly high (during summer, 15% of the particles released in zone 3 were transported to the island, and 20% of those released in zone 5 were transported to the eddy field) and this is due to the presence of filaments that act as "vacuum cleaners" of the coastal areas. In contrast to other eastern boundary ecosystems, offshore advection is not always synonymous with certain death for ichthyoplankton. Temperature was not a limiting factor for larval survival in our model, even when we consider a high lethal temperature (158C). This suggests that larval mortality in this region may be more related to starvation and predation.
The region of the continental shelf located between Cape Draa and Cape Juby appeared to be of crucial importance for ichthyoplankton supply to the archipelago. The reasons why sardine larvae are more related to the upwelling filaments than anchovy larvae remain unclear, but work is in progress to study the details of transport to the Gran Canaria islands using a model with a higher spatial resolution. Another aim of this work was to test the hypothesis of optimal spawning strategies of sardines and anchovy using an IBM modelling to find out the favourable nurseries (from a point of view of the sole transport process). From this point of view, the results we obtained are mitigated, but in fact, other factors play key roles for habitat, spawning grounds and nurseries definition (temperature, food, homing, etc.), which were not taken into account in this study and will be investigated in future work.
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